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10 NORTH ATLANTIC SALMON STOCKS  Advice May 2014 
 

10.1 Introduction  

 

10.1.1 Main tasks 

 

At its 2013 Statutory Meeting, ICES resolved (C. Res. 2013/2/ACOM9) that the Working Group on North Atlantic 

Salmon [WGNAS] (chaired by: Ian Russell, UK) would meet at ICES HQ, 19ï28 March 2014 to consider questions 

posed to ICES by the North Atlantic Salmon Conservation Organization (NASCO). 

The sections of the report which provide the responses to the terms of reference are identified below. 

 

a) With respect to Atlantic salmon in the North Atlantic area: Section 

10.1 

i ) provide an overview of salmon catches and landings, including unreported catches by 

country, catch and release, and production of farmed and ranched Atlantic salmon in 

2013
1
; 

10.1.5 

ii )  report on significant new or emerging threats to, or opportunities for, salmon 

conservation and management
2
; 

10.1.6 

iii )  provide a review of examples of successes and failures in wild salmon restoration and 

rehabilitation and develop a classification of activities which could be recommended 

under various conditions or threats to the persistence of populations
3
; 

10.1.7 

iv ) provide a review of the stock status categories currently used by the jurisdictions of 

NASCO, including within their Implementation Plans, and advise on common 

approaches that may be applicable throughout the NASCO area; 

10.1.8 

v ) provide a compilation of tag releases by country in 2013;  10.1.10 

vi ) identify relevant data deficiencies, monitoring needs, and research requirements.  10.1.13 

  

b) With respect to Atlantic salmon in the Northeast Atlantic Commission area: Section 

10.2 

i ) describe the key events of the 2013 fisheries
4
;  10.2.1 

ii )  review and report on the development of age-specific stock conservation limits; 10.1.6. & 

10.2.1 

iii )  describe the status of the stocks; 10.2.1 

iv ) provide recommendations on how a targeted study of pelagic bycatch in relevant areas 

might be carried out with an assessment of the need for such a study considering the 

current understanding of pelagic bycatch impacts on Atlantic salmon populations
5
; 

10.1.11 

In the event that NASCO informs ICES that the Framework of Indicators (FWI) indicates that 

re-assessment is required: *   

 

v ) provide catch options or alternative management advice for 2014ï2017, with an 

assessment of risks relative to the objective of exceeding stock conservation limits and 

advise on the implications of these options for stock rebuilding
6
; 

 

vi ) update the Framework of Indicators used to identify any significant change in the 

previously provided multi-annual management advice. 

 

 

c) With respect to Atlantic salmon in the North American Commission area: Section 

10.3 

i ) describe the key events of the 2013 fisheries (including the fishery at St Pierre and 

Miquelon)
4
; 

10.3.1 

ii )  update age-specific stock conservation limits based on new information as available; 10.1.6 & 

10.3.1 

iii )  describe the status of the stocks;  10.3.1 

In the event that NASCO informs ICES that the Framework of Indicators (FWI) indicates that 

re-assessment is required: * 

 

iv ) provide catch options or alternative management advice for 2014ï2017 with an 

assessment of risks relative to the objective of exceeding stock conservation limits and 

advise on the implications of these options for stock rebuilding
6
; 

 

v ) update the Framework of Indicators used to identify any significant change in the 

previously provided multi-annual management advice. 
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d) With respect to Atlantic salmon in the West Greenland Commission area: Section 

10.4 

i ) describe the key events of the 2013 fisheries
4
; 10.4.1 

ii )  describe the implications for the provision of catch advice of any new management 

objectives proposed for contributing stock complexes
7
; 

10.1.12 

iii )  Describe the status of the stocks
6
; 10.4.1 

In the event that NASCO informs ICES that the Framework of Indicators (FWI) indicates that 

re-assessment is required: * 

 

iv ) provide catch options or alternative management advice for 2014ï2016 with an 

assessment of risk relative to the objective of exceeding stock conservation limits and 

advise on the implications of these options for stock rebuilding
6
; 

 

v ) update the Framework of Indicators used to identify any significant change in the 

previously provided multi-annual management advice. 

 

  
Notes: 

1. With regard to question a) i, for the estimates of unreported catch the information provided should, where possible, 

indicate the location of the unreported catch in the following categories: in-river; estuarine; and coastal. Numbers of 

salmon caught and released in recreational fisheries should be provided. 

2. With regard to question a) ii, ICES is requested to include reports on any significant advances in understanding of the 

biology of Atlantic salmon that is pertinent to NASCO, including information on any new research into the migration 

and distribution of salmon at sea and the potential implications of climate change for salmon management. 

3. With regards to question a) iii, NASCO is particularly interested in case studies highlighting successes and failures of 

various restoration efforts employed across the North Atlantic by all parties/jurisdictions and the metrics used for 

evaluating success or failure. 

4. In the responses to questions b) i, c) i and d) i, ICES is asked to provide details of catch, gear, effort, composition and 

origin of the catch and rates of exploitation. For homewater fisheries, the information provided should indicate the 

location of the catch in the following categories: in-river; estuarine; and coastal. Information on any other sources of 

fishing mortality for salmon is also requested. 

5. In response to question b) iv, if ICES concludes that there is a need for a study, provide an overview of the parameters 

and time frame that should be considered for such a study. Information reported under previous efforts and on migration 

corridors of post-smolts in the Northeast Atlantic developed under SALSEAïMerge should be taken into account. 

6. In response to questions b) v, c) iv and d) iv, provide a detailed explanation and critical examination of any changes to 

the models used to provide catch advice and report on any developments in relation to incorporating environmental 

variables in these models. 

7. The proposal specifically refers to NAC(13)4, tabled during the North American and West Greenland Commissions 

during the 2013 NASCO Annual Meeting. 

8. In response to question d) ii, ICES is requested to provide a brief summary of the status of North American and North-

East Atlantic salmon stocks. The detailed information on the status of these stocks should be provided in response to 

questions b) iii and c) iii. 
* The aim should be for NASCO to inform ICES by 31 January of the outcome of utilizing the FWI. 

 

 

 

The NEAC and West Greenland FWI assessments completed in January 2014 both indicated that no reassessment was 

necessary. There was therefore no requirement for ICES to address questions: b) v and vi, c) iv and v, or d) iv and v 

during the 2014 Working Group on North Atlantic Salmon (WGNAS) meeting. 

 

In response to the terms of reference, WGNAS considered 41 Working Documents. A complete list of acronyms and 

abbreviations used in this report is provided in Annex 1. References cited are given in Annex 2. 

 

10.1.2 Management framework for salmon in the North Atlantic 

 

The advice generated by ICES is in response to terms of reference posed by the North Atlantic Salmon Conservation 

Organization (NASCO), pursuant to its role in international management of salmon. NASCO was set up in 1984 by 

international convention (the Convention for the Conservation of Salmon in the North Atlantic Ocean), with a 

responsibility for the conservation, restoration, enhancement, and rational management of wild salmon in the North 

Atlantic. Although sovereign states retain their role in the regulation of salmon fisheries for salmon originating in their 

own rivers, distant-water salmon fisheries, such as those at Greenland and Faroes, which take salmon originating in 

rivers of another party, are regulated by NASCO under the terms of the Convention. NASCO now has six parties that 

are signatories to the Convention, including the EU which represents its Member States. 
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NASCO discharges these responsibilities via the three Commission areas shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10.1.3 Management objectives 

 

NASCO has identified the primary management objective of the organization as: 

 

ñTo contribute through consultation and cooperation to the conservation, restoration, enhancement and rational 

management of salmon stocks taking into account the best scientific advice availableò. 

 

NASCO further stated that ñthe Agreement on the Adoption of a Precautionary Approach states that an objective for the 

management of salmon fisheries is to provide the diversity and abundance of salmon stocksò, and NASCOôs Standing 

Committee on the Precautionary Approach interpreted this as being ñto maintain both the productive capacity and 

diversity of salmon stocksò (NASCO, 1998). 

 

NASCOôs Action Plan for Application of the Precautionary Approach (NASCO, 1998) provides an interpretation of 

how this is to be achieved: 

 

¶ ñManagement measures should be aimed at maintaining all stocks above their conservation limits by the use 

of management targetsò. 

¶ ñSocio-economic factors could be taken into account in applying the precautionary approach to fisheries 

management issuesò. 

¶ ñThe precautionary approach is an integrated approach that requires, inter alia, that stock rebuilding 

programmes (including as appropriate, habitat improvements, stock enhancement, and fishery management 

actions) be developed for stocks that are below conservation limitsò. 

 

10.1.4 Reference points and application of precaution 

 

Atlantic salmon has characteristics of short-lived fish stocks; mature abundance is sensitive to annual recruitment 

because there are only few age groups in the adult spawning stock. Incoming recruitment is often the main component 

of the fishable stock. For such fish stocks, the ICES maximum sustainable yield (MSY) approach is aimed at achieving 

a target escapement (MSY Bescapement, the amount of biomass left to spawn). No catch should be allowed unless this 

escapement can be achieved. The escapement level should be set so there is a low risk of future recruitment being 

impaired, similar to the basis for estimating Bpa in the precautionary approach. In short-lived stocks, where most of the 

annual surplus production is from recruitment (not growth), MSY Bescapement and Bpa might be expected to be similar and 

Bpa is a reasonable initial estimate of MSY Bescapement. 



4   ICES Advice 2014 Book 10 

ICES considers that to be consistent with the MSY and the precautionary approach, fisheries should only take place on 

salmon from rivers where stocks have been shown to be at full reproductive capacity. Furthermore, due to differences in 

status of individual stocks within stock complexes, mixed-stock fisheries present particular threats. 

 

Conservation limits (CLs) for North Atlantic salmon stock complexes have been defined as the level of stock (number 

of spawners) that will achieve long-term average maximum sustainable yield. In many regions of North America, the 

CLs are calculated as the number of spawners required to fully seed the wetted area of the rivers. In some regions of 

Europe, pseudo stockïrecruitment observations are used to calculate a hockey-stick relationship, with the inflection 

point defining the national CLs. In the remaining regions, the CLs are calculated as the number of spawners that will 

achieve long-term average MSY, as derived from the adult-to-adult stock and recruitment relationship (Ricker, 1975; 

ICES, 1993). NASCO has adopted the region-specific CLs (NASCO, 1998). These CLs are limit reference points (Slim); 

having populations fall below these limits should be avoided with high probability. 

 

Management targets have not yet been defined for all North Atlantic salmon stocks. When these have been defined they 

will play an important role in ICES advice. 

 

Where there are no specific management objectives for the assessment of the status of stocks and advice on 

management of national components and geographical groupings of the stock complexes in the NEAC area, the 

following shall apply: 

 

¶ ICES considers that if the lower bound of the 90% confidence interval of the current estimate of spawners is 

above the CL, then the stock is at full reproductive capacity (equivalent to a probability of at least 95% of 

meeting the CL). 

¶ When the lower bound of the confidence interval is below the CL, but the midpoint is above, then ICES 

considers the stock to be at risk of suffering reduced reproductive capacity. 

¶ Finally, when the midpoint is below the CL, ICES considers the stock to be suffering reduced reproductive 

capacity. 

 

Therefore, stocks are regarded by ICES as being at full reproductive capacity only if they are above the MSY Bescapement 

(or CLs). 

 

For catch advice on the mixed-stock fishery at West Greenland (catching non-maturing 1SW fish from North America 

and non-maturing 1SW fish from Southern NEAC), NASCO has adopted a risk level of 75% (probability) of 

simultaneous attainment of management objectives in seven geographic regions (ICES, 2003) as part of an agreed 

management plan. NASCO uses the same approach for catch advice for the mixed-stock fishery affecting six 

geographic regions for the North American stock complex. ICES notes that the choice of a 75% risk (probability) for 

simultaneous attainment of six or seven stock units is approximately equivalent to a 95% probability of attainment for 

each individual unit. 

 

NASCO has not formally agreed a management plan for the fishery at the Faroes. However, ICES has developed a risk-

based framework for providing catch advice for fish exploited in this fishery (mainly non-maturing 1SW fish from 

NEAC countries). Catch advice is provided at both the stock complex and country level and catch options tables 

provide both individual probabilities and the probability of simultaneous attainment of proposed management objectives 

for both. ICES has recommended (ICES, 2013a) that management decisions should be based principally on a 95% 

probability of attainment of CLs in each stock complex / country individually. The simultaneous attainment probability 

may also be used as a guide, but managers should be aware that this will generally be quite low when large numbers of 

management units are used. 

 

10.1.5 Catches of North Atlantic salmon 

 

10.1.5.1 Nominal catches of salmon 

 

Figure 10.1.5.1 displays reported total nominal catch of salmon in four North Atlantic regions from 1960 to 2013. 

Nominal catches of salmon reported for countries in the North Atlantic for 1960ï2013 are given in Table 10.1.5.1. 

Catch statistics in the North Atlantic include fish farm escapees, and in some Northeast Atlantic countries also ranched 

fish.  

 

Icelandic catches have traditionally been split into two separate categories, wild and ranched, reflecting the fact that 

Iceland has been the main North Atlantic country where large-scale ranching has been undertaken with the specific 

intention of harvesting all returns at the release site and with no prospect of wild spawning success. The release of 

smolts for commercial ranching purposes ceased in Iceland in 1998, but ranching for rod fisheries in two Icelandic 

rivers continued into 2013 (Table 10.1.5.1). Catches in Sweden have also now been split between wild and ranched 
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categories over the entire time-series. The latter fish represent adult salmon which have originated from hatchery-reared 

smolts and which have been released under programmes to mitigate for hydropower development schemes. These fish 

are also exploited very heavily in homewaters and have no possibility of spawning naturally in the wild. While ranching 

does occur in some other countries, this is on a much smaller scale. Some of these operations are experimental and at 

others harvesting does not occur solely at the release site. The ranched component in these countries has therefore been 

included in the nominal catch. 

 

Reported catches in tonnes for the three NASCO Commission Areas for 2004ï2013 are provided below. 

 

AREA 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

NEAC 1978 1998 1867 1409 1533 1163 1415 1419 1250 1107 

NAC 164 142 140 114 162 129 156 183 127 141 

WGC 15 15 22 25 26 26 40 28 33 47 

Total 2157 2156 2029 1548 1721 1318 1610 1629 1411 1296 

 

The provisional total nominal catch for 2013 was 1296 t, 115 t below the updated catch for 2012 (1411 t). The 2013 

catch was the lowest in the time-series. Catches were at or below the previous ten-year averages in the majority of 

countries, except Greenland, Denmark, St Pierre et Miquelon (France), and Iceland. 

 

ICES recognises that mixed-stock fisheries present particular threats to stock status. These fisheries predominantly 

operate in coastal areas and NASCO specifically requests that the nominal catches in homewater fisheries be partitioned 

according to whether the catch is taken in coastal, estuarine, or riverine areas. The 2013 nominal catch (in tonnes) was 

partitioned accordingly and is shown below for the NEAC and NAC Commission Areas. Figure 10.1.5.2 presents these 

data on a country-by-country basis. There is considerable variability in the distribution of the catch among individual 

countries. In most countries the majority of the catch is now taken in freshwater; the coastal catch has declined 

markedly. 

 

 

Coastal, estuarine, and riverine catch data aggregated by region are presented in Figure 10.1.5.3. In northern Europe, 

about half the catch has typically been taken in rivers and half in coastal waters (although there are no coastal fisheries 

in Iceland and Finland), with estuarine catches representing a negligible component of the catch in this area. There has 

been a steady reduction in the proportion of the catch taken in coastal waters over recent years. In southern Europe, 

catches in all fishery areas have declined dramatically over the period. While coastal fisheries have historically made up 

the largest component of the catch, these fisheries have declined the most, reflecting widespread measures to reduce 

exploitation in a number of countries. Since 2007, the majority of the catch in this area has been taken in freshwater. 

 

In North America, the total catch over the period 2000ï2013 has been relatively constant. The majority of the catch in 

this area has been taken in riverine fisheries; the catch in coastal fisheries has been relatively small in any year (15 t or 

less). 

 

10.1.5.2 Unreported catches 

 

The total unreported catch in NASCO areas in 2013 was estimated at 306 t; however, there was no estimate for Russia, 

Spain, or Saint Pierre and Miquelon. The unreported catch in the North East Atlantic Commission Area in 2013 was 

estimated at 272 t, and that for the West Greenland and North American commission areas at 10 t and 24 t, respectively. 

The following table shows unreported catch by NASCO commission areas in the last ten years: 

 

AREA 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

NEAC 575 605 604 465 433 317 357 382 363 272 

NAC 101 85 56 - - 16 26 29 31 24 

WGC 10 10 10 10 10 10 10 10 10 10 

 

The 2013 unreported catch by country is provided in Table 10.1.5.2. It has not been possible to separate the unreported 

catch into that taken in coastal, estuarine, and riverine areas. Over recent years efforts have been made to reduce the 

level of unreported catch in a number of countries (e.g. through improved reporting procedures and the introduction of 

carcass tagging and logbook schemes). 

 

 COAST ESTUARY RIVER  TOTAL  

AREA Weight % Weight % Weight % Weight 

NEAC
 

342 31 76 7 689 62 1107 

NAC
 

15 11 43 30 83 59 141 
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10.1.5.3 Catch-and-release 

 

The practice of catch-and-release (C&R) in rod fisheries has become increasingly common as a salmon 

management/conservation measure in light of the widespread decline in salmon abundance in the North Atlantic. In 

some areas of Canada and USA, C&R has been practised since 1984, and in more recent years it has also been widely 

used in many European countries, both as a result of statutory regulation and through voluntary practice.  

 

The nominal catches do not include salmon that have been caught and released. Table 10.1.5.3 presents C&R 

information from 1991 to 2013 for countries that have records; C&R may also be practised in other countries while not 

being formally recorded. There are large differences in the percentage of the total rod catch that is released: in 2013 this 

ranged from 15% in Norway (this is a minimum figure, as statistics were collected on a voluntary basis) to 80% in UK 

(Scotland), reflecting varying management practices and angler attitudes among countries. C&R rates have typically 

been highest in Russia (average of 84% in the five years 2004 to 2008) and are believed to have remained at this level. 

However, there were no obligations to report C&R fish in Russia in 2009 and records since 2010 are incomplete. Within 

countries, the percentage of fish released has tended to increase over time. There is also evidence from some countries 

that larger MSW fish are released in higher proportions than smaller fish. Overall, more than 174 000 salmon were 

reported to have been caught-and-released around the North Atlantic in 2013. 

 

10.1.5.4 Farming and sea ranching of Atlantic salmon 

 

The provisional estimate of farmed Atlantic salmon production in the North Atlantic area for 2013 is 1429 kt. The 

production of farmed salmon in this area has been over one million tonnes since 2009. The 2013 total represents an 8% 

decrease from 2012, but a 15% increase on the previous five-year mean. Norway and UK (Scotland) continue to 

produce the majority of the farmed salmon in the North Atlantic (79% and 11%, respectively). Farmed salmon 

production in 2013 was above the previous five-year average in all North Atlantic salmon producing countries.  

 

Worldwide production of farmed Atlantic salmon has been in excess of one million tonnes since 2002 and was over two 

million tonnes in 2012. It has previously been difficult to source reliable production figures for all countries outside the 

North Atlantic area and, for 2013, data for some countries were sourced from the FAO Fisheries and Aquaculture 

Department database in deriving a worldwide estimate. The total production in 2013 is provisionally estimated at 

around 1951 kt (Figure 10.1.5.4), a 6% decrease on 2012. Production outside the North Atlantic is estimated to have 

accounted for 27% of the total in 2013 (similar to 2012). Production outside the North Atlantic is dominated by Chile. 

 

The worldwide production of farmed Atlantic salmon in 2013 was around 1500 times the reported nominal catch of 

Atlantic salmon in the North Atlantic. 

 

The total harvest of ranched Atlantic salmon in countries bordering the North Atlantic in 2013 was 36 t, and taken in 

Iceland, Sweden and Ireland (Figure 10.1.5.5). No estimate of ranched salmon production was made in Norway in 2013 

where such catches have been very low in recent years (< 1 t) and UK (N. Ireland) where the proportion of ranched fish 

was not assessed between 2008 and 2013 due to a lack of microtag returns.  

 

10.1.6 Significant new or emerging threats to, or opportunities for, salmon conservation and management 

 

10.1.6.1 Quantifying uncertainty in datasets using the ñNUSAPò approach 

 

WGNAS considered proposals in relation to an approach for communicating uncertainty of numbers in a more 

transparent way. The ñNumeral, Unit, Spread, Assessment and Pedigreeò (NUSAP) approach has been advocated to 

better represent unquantifiable uncertainties (Funtowicz and Ravetz, 1986; Van der Sluijs, 2005). The NUSAP approach 

provides a methodological framework to manage and communicate uncertainty and the quality of quantitative 

information. This extends the classic notational system for quantitative scientific information (usually provided as a 

number, a unit, and a standard deviation) with two additional qualifiers: expert judgment of the reliability (the 

assessment) and a multi-criteria characterization reflecting the origin and status of the information (the pedigree). It was 

suggested that the approach may be useful in communicating the outcome of fishery assessments and associated 

management advice; such an approach has been applied to an analysis of Western Baltic herring (Ulrich et al., 2010). 

WGNAS noted that one of the proposed applications of the NUSAP approach was to enhance communication of the 

methods used by ICES to stakeholders and managers. This is laudable, but the approach is based on subjective 

evaluations and the outputs appeared likely to be quite detailed. It was therefore unclear how it might be implemented 

and how much it would assist stakeholders. It may, however, provide a better record of the provenance of data and 

assessment methods used by the Working Group and thereby enhance the information currently being compiled in the 

Stock Annex. WGNAS therefore concluded that they would be interested to hear of further development and 

application of the approach. 
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10.1.6.2.1 Interactions between wild and farmed salmon  

 

Genetic introgression between wild and farmed escape salmon in the Magaguadavic River (Bay of Fundy, Canada) and 

other genetic studies in Canada 

 

Recent studies supported by a Natural Sciences and Engineering Research Council of Canada grant, document the 

genetic temporal changes from 1980 to 2005 of the Magaguadavic River salmon population (Bay of Fundy, Canada), 

impacted by interbreeding with farmed escapees (Bourret et al., 2011). Overall, the results of this study indicate that 

farmed escapees have introgressed with wild Magaguadavic salmon, resulting in significant alteration of the genetic 

integrity of the native population, including possible loss of adaptation to conditions in the wild.  

 

Another study of interest aimed at understanding the links between the environmental and genetic divergence of 

Atlantic salmon populations by using a large-scale landscape genomics approach with 5500 genome-wide single 

nucleotide polymorohisms (SNPs) across 54 North American populations and 49 environmental variables (Bourret et 

al., 2013b). Multivariate landscape genetic analysis revealed strong associations of both genetic and environmental 

factors, with climate (temperatureïprecipitation) and geology being associated with adaptive and neutral genetic 

divergence, and should be considered as candidate loci involved in adaptation at the regional scale in Atlantic salmon.  

 
Report on a new salmon trapping technique for farmed escapees in Norway 
 

Recent evidence indicates that gene pools of wild salmon populations in a number of Norwegian rivers are gradually 

changing through introgression of genetic material from escaped farmed salmon. Genetic profiles were compared for 

salmon populations from 21 Norwegian rivers, developed from archival scale samples and contemporary scale and 

tissue samples, and changes were documented through analyses of microsatellites (Glover et al., 2012) and SNPs 

(Glover et al., 2013). In many rivers, considerable effort is invested to remove escaped farmed salmon from the 

spawning populations through various approaches, including netting, rod catches, and culling by divers. In 2013, the 

Resistance Board Weir trap, a portable salmon trap developed in North America, was tested in the River Etneelva, 

Norway. This is the first time the trap has been tested outside North America; the Norwegian trial was a collaboration 

between the Institute of Marine Research, management authorities, and the salmon farming industry. 

 

The River Etneelva is subject to special protection in Norway, and is one of the largest salmon rivers on the west coast. 

The weir trap is based on floating panels, which prevent salmon from ascending and guide fish into a trap chamber. 

Altogether, 1154 wild salmon, 85 farm escapees, and 922 anadromous trout (Salmo trutta) were captured. Catch 

efficiency of the trap was estimated by recapture rates by anglers, and by counts of spawners performed by drift dives 

(snorkelling). Based on the two estimates, about 85% of ascending salmon were captured in the first year of operation, 

and 92% of ascending escaped farmed salmon were removed. The catch rate (excluding caught and released fish) by 

anglers was calculated at 26%. The conclusion from the first year of operation is that the trap works very well, can be 

considered a useful tool for generating precise data on the spawning run of wild salmonid populations, and an efficient 

method for removing farmed salmon from wild salmon populations. 

 

10.1.6.3 Tracking and acoustic tagging studies in Canada 

 

WGNAS reviewed the latest results of ongoing projects (led by the Atlantic Salmon Federation in collaboration with the 

Ocean Tracking Network, Miramichi Salmon Association, DFO, and others) to assess estuarine and marine survival of 

tagged Atlantic salmon released in rivers of the Gulf of St Lawrence. A total of 248 smolts (24 St Jean, 39 Cascapedia, 

105 Miramichi, and 80 Restigouche) and 41 kelts (16 Miramichi and 25 Restigouche) were sonically tagged from rivers 

in Canada between April and June 2013. Of the 41 kelts, 11 from the Miramichi were also tagged with archival pop-up 

tags; these were set to release after four months. 

 

The proportion of smolts detected (apparent survival) in 2013 from freshwater release points to the heads of tide, 

through the estuary and out of the Strait of Belle Isle, was somewhat lower than the previous years for the Cascapedia 

and Restigouche rivers and much lower for the Miramichi River; as in previous years only few St Jean fish were 

detected (Figure 10.1.6.3). Smolts and kelts exited the Strait of Belle Isle together during the last week of June and first 

week of July, similar to previous years. Analysis is proceeding to account for the variability in detection efficiency by 

receivers to better estimate survival rates and their variability. 

 

The detector array across the Cabot Strait, between Cape Breton, Nova Scotia and Southwest Newfoundland was 

operational in 2012 and 2013, although few fish used this exit from the Gulf of St. Lawrence (one Cascapedia smolt in 

mid-June and one Miramichi kelt in late July, that had been tagged in spring 2012). 

 

The satellite archival pop-up tags provided additional information in 2013, with information from seven of the tags that 

left the Miramichi River being recovered, and two of these transmitting information from the northern Labrador Sea 
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when they ñpopped-offò at the start of September. Preliminary results show: evidence of predation on salmon kelts 

within the Gulf of St. Lawrence (likely by species such as a porbeagle shark); concentration of kelts south of Anticosti 

Island during the summer; and four fish leaving the Gulf of St Lawrence through the Strait of Belle Isle while the 

remainder stayed within the Gulf. Predation by large predatory fish has been noted previously for the Inner Bay of 

Fundy (Lacroix, 2014).  

 

For the second year, a Wave Glider® was released into the Gulf of St Lawrence on the west coast of Prince Edward 

Island in mid-May 2013 to detect acoustically tagged salmon. The movements of the Wave Glider were controlled to 

pass through areas expected to contain tagged smolts and kelts on their migration through the Strait of Belle Isle. 

Detection of four of these salmon (kelts) did occur, as well as an acoustically tagged snow crab that was detected near 

the end of August. The Wave Glider trial ended off Cape Breton, Nova Scotia in early September. 

 

In 2013, the Atlantic Salmon Federation also collaborated with the Miramichi Salmon Association and DFO in a study 

of striped bass and Atlantic salmon smolt interactions on the Miramichi River. Acoustic tags were used to document the 

spatial and temporal overlap of the two species, the passage of downstream migrating salmon smolts and the spawning 

migration into the lower Miramichi of the striped bass population of the Gulf of St. Lawrence. Significant losses of 

Miramichi smolts were detected in areas where striped bass were known to be spawning. Further work is ongoing, 

including diet and migrations of acoustically tagged striped bass. 

 

ICES encourages the continuation of this tracking programme as information from it is expected to be useful in the 

assessment of marine mortality on North American salmon stocks. ICES also noted that these techniques are being 

proposed for similar research in other areas (Section 10.1.13). 

 

10.1.6.4 Diseases and parasites  

 

Testing for infectious salmon anemia virus (ISAv) and infectious pancreatic necrosis virus (IPNv) in mixed-stock 

aggregations of Atlantic salmon harvested along the coast of West Greenland, 2003ï2011 

 

Infectious salmon anemia virus (ISAv) and infectious pancreatic necrosis virus (IPNv) are fish pathogens that cause 

vascular disease and digestive disease, respectively, in Atlantic salmon, often with lethal effects. ISAv can cause 

mortality at any life stage, whereas IPNv usually causes mortality in juvenile stages (i.e. fingerling to post-smolt), but 

adults can be carriers of the disease and pass it to their offspring. The viruses are transmitted through a number of direct 

and indirect mechanisms, including contact with infected individuals and infected ambient water. Although naturally 

occurring, rates of ISAv and IPNv infection and epidemic outbreak are higher in and around aquaculture facilities due 

to the density at which fish are held. Wild individuals that come in contact with infected farmed fish (either by 

migrating past farms or through contact with infected escapees) can contract these viruses and pass them on to other 

wild individuals and populations. The diseases may therefore spread when individuals are in close proximity in the 

wild, such as when congregating at specific marine feeding areas.  

 

Testing was carried out on 1284 Atlantic salmon sampled at West Greenland for ISAv in 2003ï2007 and 2010ï2011, 

and 358 Atlantic salmon in 2010 for IPNv. Samples from 2003ï2007 were collected and processing was funded by 

NOAA Fisheries Service (USA). Samples from 2010ï2011 were collected as part of SALSEA Greenland and 

processing was funded by NOAA Fisheries Service. The rate of ISAv infection was very low, 0.08%. A single North 

American origin Atlantic salmon was infected with a Scottish strain of HRPO (non-virulent ISA strain) suggesting that 

the transmission vector may have been another infected individual, possibly at the mixed-stock feeding grounds in the 

Labrador Sea or West Greenland. No fish tested positive for IPNv. These findings indicate that ISAv and IPNv are 

carried at very low to non-detectable levels in the wild Atlantic salmon population off the coast of West Greenland. 

 

Update on red vent syndrome  

 

Over recent years, there have been reports from a number of countries in the NEAC and NAC areas of salmon returning 

to rivers with swollen and/or bleeding vents. The condition, known as red vent syndrome (RVS or Anasakiasis), has 

been noted since 2005, and has been linked to the presence of a nematode worm, Anisakis simplex (Beck et al., 2008). 

This is a common parasite of marine fish and is also found in migratory species. However, while the larval nematode 

stages in fish are usually found spirally coiled on the mesenteries, internal organs, and less frequently in the somatic 

muscle of host fish, their presence in the muscle and connective tissue surrounding the vents of Atlantic salmon is 

unusual. The reason for their occurrence in the vents of migrating wild salmon, and whether this might be linked to 

possible environmental factors, or changes in the numbers of prey species (intermediate hosts of the parasite) or marine 

mammals (final hosts) remains unclear. 

 

A number of regions within the NEAC area observed a notable increase in the incidence of salmon with RVS in 2007 

(ICES, 2008a). Levels in the NEAC area were typically lower from 2008 (ICES, 2009a; ICES, 2010b; ICES, 2011b). 
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However, trapping records for rivers in UK (England & Wales) and France suggested that levels of RVS increased 

again in 2013, with the observed levels being the highest in the time-series for some of the monitored stocks. 

 

There is no clear indication that RVS affects either the survival of the fish or their spawning success. Affected fish have 

been taken for use as broodstock in a number of countries, successfully stripped of their eggs, and these have developed 

normally in hatcheries. Recent results have also demonstrated that affected vents showed signs of progressive healing in 

freshwater, suggesting that the time when a fish is examined for RVS, relative to its period of in-river residence, is likely to 

influence perceptions about the prevalence of the condition. This is consistent with the lower incidence of RVS in fish 

sampled in tributaries or collected as broodstock compared with fish sampled in fish traps close to the head of tide. 

 

Update on sea lice investigations in Norway 

 

The surveillance programme for salmon lice infection on wild salmon smolts and sea trout at specific localities along 

the Norwegian coast continued in 2013 (Bjørn et al., 2013), and for most areas sea lice infestation tended to be lower in 

the salmon smolt migration period than it had been in previous years. 

 

In general, however, sea lice are still regarded as a serious problem for salmonids (Skilbrei et al., 2013; Krkoġek et al., 

2013) and especially sea trout (Bjørn et al., 2013). Furthermore, a recent study has demonstrated that sea lice infections 

may alter life-history characteristics of salmon populations. Long-term studies with vaccination of smolts from the Dale 

and Vosso rivers have shown that fish infested with sea lice may delay their spawning migration and return as MSW 

fish instead of as grilse (Vollset et al., 2014). 

 

10.1.6.5 Quality norm for Norwegian salmon populations  

 

In 2013 a management system ï the Quality Norm for Wild Populations of Atlantic Salmon ï was adopted by the 

Norwegian government (Anon., 2013). This system was based on an earlier proposal by the Norwegian Scientific 

Advisory Committee for Atlantic Salmon Management (Anon., 2011). Work is currently in progress to categorize the 

most important Norwegian salmon populations according to this system. 

 

In this quality norm, the status of salmon stocks is evaluated in two dimensions (Figure 10.1.6.5); one dimension is the 

conservation limit and the harvest potential, and the other dimension is the genetic integrity of the stocks. In the 

conservation limit and harvest potential dimension both the attainment of the conservation limit (after harvest) and the 

potential for harvest in relation to a ñnormalò harvest potential is evaluated. The genetic integrity is evaluated in relation 

to species hybridization, genetic introgression from escaped farmed salmon, and altered selection as a result of selective 

harvest and/or human induced changes in the environment. The poorest classification in either of the dimensions 

determines the final classification of the stock.  

 

10.1.6.6 Developments in setting conservation limits (CLs) in Canada (Québec) and Finland  

 

Update of stockïrecruitment models in Québec 

 

Since the year 2000, management of Atlantic salmon in Québec has been based on biological reference points obtained 

from stockïrecruitment models (Fontaine and Caron, 1999; Caron et al., 1999). However, population dynamics have 

changed in Québec through the 1990s, as elsewhere in North America, following anthropogenic and environmental 

changes affecting both freshwater and marine survival of salmon (Friedland et al., 2000). Moreover, since then, reliable 

data on stock abundance and characteristics have been collected in Québec (Cauchon, 2014) and stockïrecruitment 

analyses have evolved with the development of new approaches (Parent and Rivot, 2012).  

 

The Government of Québec has started to update its stockïrecruitment model by using recent data and incorporating an 

up-to-date modelling approach. This initiative is part of a wider process aimed at developing a management plan for 

Atlantic salmon in Québec, and will allow updating of biological reference points so as to accurately represent the 

current status of salmon populations. The new Ricker model being developed includes 12 rivers from a broader 

geographical scale and with a wider range of production units than the previous model. At least 15 extra years were 

included in the new model, which now covers cohorts between 1972 and 2005. A Bayesian hierarchical approach was 

used, allowing uncertainty associated with population dynamics to be incorporated (Parent and Rivot, 2012). This 

approach also allowed habitat production units to be introduced as covariables in an integrated way, to better explain 

between-river variability and estimate biological reference points for other rivers in Québec that lack stockïrecruitment 

data, but have known production units. It is anticipated that the new model will be implemented in 2015. 
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Progress with setting river-specific conservation limits in the River Teno/Tana (Finland/Norway) 

 

In the River Teno/Tana (Finland/Norway), information has been collated to set CLs for most of the tributary systems 

and the main stem of the river following the Norwegian standard method (Hindar et al., 2007; Forseth et al., 2013). In 

addition, CLs have been updated for five Norwegian tributaries of the Teno system. A report will be published in 2014 

describing the new CLs for this river system. 

 

10.1.6.7 Recovery potential for Canadian populations designated as endangered or threatened  

 

The Committee on the Status of Endangered Wildlife in Canada (COSEWIC) subdivided Canadian Atlantic salmon 

populations into 16 designatable units (DUs) based on genetic data and broad patterns in life history variation, 

environmental variables, and geographic separation (COSEWIC, 2010). Of the 16 DUs, one (Inner Bay of Fundy; DFO, 

2008) had been listed as endangered since 2003 under Canadaôs federal Species at Risk Act (SARA). In 2010, 

COSEWIC assessed five other DUs as either ñEndangeredò (at risk of becoming extinct) or ñThreatenedò (at risk of 

becoming endangered), and four DUs as ñSpecial Concernò (at risk of becoming threatened or endangered).  

 

For the five DUs assessed as threatened or endangered, DFO has recently conducted Recovery Potential Assessments 

(RPAs) to provide scientific information and advice to meet the various requirements of the SARA listing process (DFO 

2013a, 2013b, 2013c, 2014a, 2014b). Among the advice, each RPA contains information on population viability and 

recovery potential for populations with enough information to model population dynamics, as well as information on 

threats to persistence and recovery. The five DUs assessed were: 

 

¶ South Newfoundland (DU 4), Threatened ï The DU has a low probability of extinction. Under 

contemporary marine survival rates, the probability of meeting or exceeding the recovery target within the next 

fifteen years was improved by reducing recreational fishery mortality rates.  

¶ Anticosti (DU 9), Endangered ï The DU has a low probability of extinction. If survival and carrying capacity 

remain the same, the probability of meeting or exceeding the recovery target within the next fifteen years was 

improved by reducing recreational fishery mortality rates. The Anticosti rivers are rarely disturbed by human 

activities. 

¶ Eastern Cape Breton (DU 13), Endangered ï The probability of extinction for the two populations 

(considered to be two of the healthier populations) with enough information to model population dynamics is 

low if conditions in the future are similar to those in the recent past. Given the life history variability seen 

throughout the DU, the two populations included in the analyses are not considered to be representative of 

other populations in the DU. Identified threats to persistence included: illegal fishing; salmonid aquaculture; 

marine ecosystem changes; and diseases and parasites.  

¶ Southern Upland (DU 14), Endangered ï A region-wide comparison of juvenile density data indicated 

significant ongoing declines and provided evidence for river-specific extirpations. Modeling indicates that two 

of the larger populations remaining in the DU have a high probability of extirpation in the absence of human 

intervention or a change in survival rates for some other reason. Modeling also indicates that relatively small 

increases in either freshwater productivity or marine survival are expected to decrease extinction probabilities, 

although larger changes in marine survival are required to restore populations to levels above conservation 

requirements.  Identified threats to persistence included: acidification; altered hydrology; invasive fish species; 

habitat fragmentation due to dams and culverts; illegal fishing and poaching; salmonid aquaculture; and marine 

ecosystem changes. 

¶ Outer Bay of Fundy (DU 16), Endangered ï The two rivers with enough information to model population 

dynamics are at risk of extinction. Increases in freshwater productivity are expected to result in an increase in 

population abundance and a decreased extinction probability, although increases in both freshwater 

productivity and marine survival are required to meet recovery targets with higher probabilities.  Identified 

threats to persistence included: hydroelectric dams; illegal fishing activities; shifts in marine conditions; 

salmonid aquaculture; depressed population phenomenon; and disease and parasites. 

 

10.1.6.8 Genetic stock identification   

 

North American genetic database 

 

A Natural Sciences and Engineering Research Council of Canada strategic grant enabled the development of a North 

American genetic database using standardized markers across Canada and USA. The database includes 9042 individuals 

from 152 sampling locations genotyped at 15 microsatellite loci standardized across three different laboratories. The 

database can be used for the analysis of mixed-stock fisheries and individual assignment to estimate the populations 

most impacted by these. The database also includes data from an expressed sequence tag (EST)-based medium-density 

SNP array which provides data on over 5000 SNPs for 20ï25 individuals for each of 46 sampling locations (Bourret et 

al., 2013a). The SNP dataset is divided into neutral and potentially adaptive markers based on a genome scan analysis. 
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The first use of this database was to define regional groups. This was done by comparing microsatellites, neutral SNPs, 

and potentially adaptive SNPs in Québec. The seven regional genetic groups were confirmed for the provinces of 

Québec, New Brunswick, and Labrador, and analyses with SNP identified the same regional groups as previous 

analyses with microsatellites (Dionne et al., 2008). 

 

Composition of the mixed-stock fisheries at Greenland 

 

A mixed-stock fishery analysis was carried out for the salmon fishery at Greenland using part of the new microsatellite 

baseline (Gauthier-Ouellet et al., 2009). The entire North American microsatellite baseline was subsequently used in a 

preliminary analysis of the North American salmon taken in the 2011 West Greenland harvest (Bradbury, DFO Canada, 

pers. comm.). Average sample composition estimates obtained using Bayesian mixture analysis suggest that the 

majority of the catch consisted of fish originating from: Labrador (15%), Québec upper north shore (10%), Gaspé 

Peninsula (33%), and Maritimes (27%) populations. Other regions in North America were also detected, but at lower 

levels. It is proposed that samples for later years are analysed in the future. 

 

Composition of the mixed-stock fisheries at Labrador 
 

The stock composition and exploitation of Atlantic salmon in Labrador Aboriginal and subsistence fisheries was 

evaluated for 1772 individuals sampled between 2006 and 2011 at various locations; genetic mixture analysis and 

individual assignment with the entire microsatellite baseline was used (Bradbury et al., in press). For assignment 

purposes, eleven groups (Figure 10.1.6.8) were identified, for which assignment accuracy was >90%. Bayesian and 

maximum likelihood mixture analyses indicate that 85ï98% of the harvest was of Labrador origin. Estimated 

exploitation rates were highest for Labrador salmon (4.3ï9.4% per year) and generally < 1% for all other regions. 

Individual assignment of fishery samples indicates that non-local contributions to the fishery (e.g. Maritimes, Gaspé 

Peninsula) were rare and occurred primarily in southern Labrador. Genetic samples from 2012 and 2013 are currently 

being processed. 

 

For the salmon sampled in the Labrador subsistence fisheries in 2013 (n =  544) scale analysis indicated that 79% were 

1SW salmon, 16% were 2SW, and 5% were previously spawned salmon. The majority of the sampled salmon were 

river ages 3 to 6 years (99%) (modal age 4). No river age 1 and few river age 2 (1%) salmon were sampled, suggesting 

(as in previous years, 2006ï2012) that very few salmon from the most southern stocks of North America (USA, Scotiaï

Fundy) are exploited in these fisheries. 

 

ICES noted that this sampling programme provides biological characteristics of the harvest and the origin of the fish in 

the fishery, which are important parameters in the runïreconstruction model for North America and in the development 

of catch advice. 

 

Composition of the mixed-stock fisheries at Saint-Pierre et Miquelon 
 

The stock composition of Atlantic salmon caught in the mixed-stock fisheries at Saint-Pierre et Miquelon in 2013 was 

examined using the North American baseline described above. Samples were assigned to one of eleven regions in North 

America (Figure 10.1.6.8). This is the first time that samples from the fishery have been examined.  

 

Samples were obtained from the fishery covering the period 17 May to 17 June 2013. Genetic analysis indicated that the 

sample (n = 71) contained 37% Gaspé Peninsula salmon (30 fish), 34% Newfoundland salmon (23 fish), 22% 

Maritimes salmon (13 fish), and 7% Upper North Shore Québec salmon (5 fish). The salmon sampled in 2013 were 

mostly two-sea-winter maiden salmon, with fewer one-sea-winter maiden salmon and only three repeat spawning 

salmon. Continued analysis of additional years will be informative of the characteristics of the salmon, age and size 

structure, origin of the fish, and the variation in the stock-specific characteristics of the catches. 

 

ICES welcomed the analysis for genetic origin of samples of  the catches at Saint-Pierre et Miquelon and recommends 

that sampling and supporting descriptions of the fisheries be continued and expanded (i.e. sample size, geographic 

coverage, tissue samples, seasonal distribution of the samples) in future years to improve the information on biological 

characteristics and stock origin of salmon harvested in these mixed-stock fisheries. 

 

Composition of the catch in the mixed-stock fishery at Faroes 
 

ICES received preliminary results from a genetic study of salmon scales collected in the Faroes salmon fishery in the 

1980 and 1990s. This study involves scientists from UK (Cefas and Marine Scotland Science), Norway (NINA and 

IMR), and Faroes (MRI) and is funded by the NASCO IASRB and by UK, Norwegian, and Irish government 

departments. The aim of the study was to extract DNA from the historical scale samples and use the genetic stock 
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assignment protocol developed during the SALSEAïMerge project (Gilbey et al., pers. comm.) to estimate the 

historical stock composition of the catch. 

 

Approximately 375 scale samples collected during each of the 1983/84 and 1984/85 commercial fisheries and the 

1993/94 and 1994/95 research fisheries were selected for analysis. Initial results showed significant degradation of the 

DNA in some of the samples and reliable allele scorings could not be achieved for many of the microsatellites used. 

Improved DNA amplification was achieved for the later period using a modified polymerase chain reaction (PCR) 

process (Paulo Prodohl, pers. comm.), but this approach was less successful for the earlier period. As a result, the 

decision was made to limit the analysis to just the 1993/94 and 1994/95 samples.   

 

Initial examination of the alleles at the SsaD486 microsatellite locus indicated that there were a number of samples with 

alleles normally only seen in North American fish. Further exclusion and conformation analyses also indicated that 101 

of the samples (16%) were probably from salmon of North American origin. Further analysis will be undertaken to 

confirm the classification of these samples. The remaining fish have been assigned using a mixed-stock analysis 

performed separately for each month represented in the samples. Fish have been assigned to the hierarchical reporting 

units at four levels (1ï4) as defined by the SALSEAïMerge project (Gilbey et al., pers. comm.) The assignments at 

levels 1 and 3 were scaled to the average distribution of the catch during the fishing season when the commercial 

fishery operated in the 1980s. Initial results suggest that around two thirds of the European fish in the catch may have 

come from northern NEAC countries and one third from southern NEAC countries; this represents a significant change 

from the approximately 50:50 split currently used in the NEAC assessments. Further work will be undertaken to 

provide confidence limits for the estimation of catch composition and to determine how these results should be used in 

the NEAC assessment models.  

 

10.1.6.9 Update on EU project ECOKNOWS ï Embedding Atlantic salmon stock assessment at a broad 

ocean scale within an integrated Bayesian life-cycle modelling framework  

 

Within the EU FP7 ECOKNOWS project, models are being developed that provide improvements to pre-fishery 

abundance (PFA) stock assessment models. A key development has been a Bayesian integrated life-cycle model that 

offers potential for future Atlantic salmon stock assessment on a broad ocean scale. The approach also paves the way 

toward harmonizing the stock assessment models used in the WGBAST (ICES Baltic salmon and trout assessment 

working group) and in WGNAS (Rivot et al., 2013).  

 

The Bayesian integrated life-cycle modeling approach provides methodological improvements to the PFA forecasting 

models currently used by ICES: 

 

¶ Existing biological and ecological information on Atlantic salmon demographics and population dynamics are 

first integrated into an age- and stage-based life-cycle model, which explicitly separates the freshwater (egg-to-

smolt) and marine phases (i.e. smolt-to-return, which accounts for natural and fishing mortality of sequential 

fisheries along the migration routes), and incorporates the variability of life histories (i.e. river and sea ages) 

(Figure 10.1.6.9.1). This body of information forms the prior about the population dynamics, which is then 

updated through the model with assimilation of the available data.  

¶ Both ecological processes and various sources of data are modelled in a probabilistic Bayesian rationale. 

Uncertainties are accounted for in both estimations and forecasting.  

¶ The structure provides a framework for harmonizing the models and parameterization between different stock 

units, while maintaining the specificities and associated levels of detail in data assimilation.  

¶ The approach also offers flexibility to improve the ecological realism of the model, as different hypotheses 

regarding the population dynamics can be assessed without changing the data assimilation scheme. 

 

The model has been successfully applied to the stock complex from UK (Scotland East), the largest regional component 

of the southern NEAC stock complex (Massiot-Granier et al., 2014), and different demographic hypotheses have been 

tested: 

 

¶ Density-dependent effects in the freshwater phase can change estimates of trends in marine productivity, which 

may critically impact forecasts of returns and ecological interpretation of the changes in marine productivity.  

¶ Two alternative hypotheses for the decline of return rates in 2SW fish are supported equally by the data: (1) a 

constant natural mortality rate after the PFA stage and an increase in the proportion maturing (current 

hypothesis in PFA models); (2) an increase in the natural mortality rate of 2SW fish relative to 1SW fish, and a 

constant proportion maturing. Changing from one hypothesis to the other may critically impact management 

advice, as applying a higher mortality rate for 2SW fish limits the expected impact, and thus the size of catch 

for the 2SW stock component.   
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A multi-regional extension of the integrated life-cycle model developed by Massiot-Granier et al. (2014) is under 

development. The model captures the joint dynamics of all the regional stock units considered by ICES for stock 

assessment in the Southern NEAC stock complex (Figure 10.1.6.9.1).  

 

¶ Data available at the scale of eight stock units have been implemented as five units, applying the spatial 

variability of the post-smolt marine survival and the probability of maturing after the first winter at sea. The 

five units are: i) France; ii) UK (England & Wales); iii) Ireland and UK (N. Ireland); iv) UK (Scotland East 

and West); and v) Iceland Southwest.  

¶ The hierarchical structure provides a tool for separating out signals in demographic traits at different spatial 

scales: i) a common trend shared by the 5 stock units and, ii) fluctuations specific to each stock unit.  

¶ Both post smolt survival during the first months at sea (smolts to PFA stages) and the proportion of salmon 

returning to freshwater after two years at sea exhibit common decreasing trends in the stock units (Figure 

10.1.6.9.2). Results support the hypothesis of a response of salmon populations to broad scale ecosystem 

changes, but changes specific to each of the five stock units still represent a significant part of the total 

variability (~40%), suggesting a strong influence of drivers acting at a more regional scale. 

 

In association with ICES, the ECOKNOWS project will disseminate findings at the end of its tenure with a concluding 

symposium: ñEcological basis of risk analysis for marine ecosystemsò, which is scheduled to be held 2ï4 June 2014 in 

Porvoo, Finland. 

 

10.1.7 Examples of successes and failures in wild salmon restoration and rehabilitation, and developing a 

classification of activities which could be recommended under various conditions or threats to the 

persistence of populations 

 

The Working Group on the Effectiveness of Recovery Actions for Atlantic Salmon (WGERAAS) will have its second 

meeting 12ï16 May 2014 at ICES in Copenhagen. A sub-group of WGERAAS met in Swansea, UK (England & 

Wales) on 18ï19 June 2013 to further develop a database and approaches to data reporting. The database consists of all 

rivers from the HELCOM and NASCO river databases, combined with a system scoring the impact of a list of 10 

stressors and 12 recovery actions on a river-by-river basis. A guide has been developed to assist in populating the 

database. 

 

ICES has granted a request to extend the duration of WGERAAS by two years, taking the total duration to three years. 

WGERAAS received the following guidance from NASCO with regards to the TORs: ñNASCO is particularly 

interested in case studies highlighting successes and failures of various restoration efforts employed across the North 

Atlantic by all parties/jurisdictions and the metrics used for evaluating success or failureò. WGERAAS acknowledged 

the NASCO comment and such case studies will be a key focus of the upcoming meeting.  

 

10.1.8 Stock status categories currently used by the jurisdictions of NASCO, including within their 

Impl ementation Plans, and advice on common approaches that may be applicable throughout the 

NASCO area  

 

Introduction  
 

The Atlantic salmon is widely distributed throughout the North Atlantic area. It is estimated that Atlantic salmon occur 

in around 2500 rivers across its geographical range. NASCO has developed a rivers database into which NASCO 

parties are obliged to enter details for each of their salmon rivers. The database is an important source of information on 

Atlantic salmon stocks and rivers. Most countries have provided data for this database, using the classification scheme 

described below, but NASCO has expressed concerns that this does not reflect the use of conservation limits (CLs) and 

management targets (MTs) in making management decisions, the approach agreed by NASCO. 

 

The NASCO rivers database provides information on the status of the salmon stocks based on seven categories 

http://www.nasco.int/RiversDatabase.aspx. The database relates to salmon only and is applied to rivers primarily with 

reference to stock status. 

 

The categories used in the NASCO rivers database (applied by all NASCO jurisdictions) are defined as: 

 

Lost ï Rivers in which there is no natural or maintained stock of salmon but which are known to have 

contained salmon in the past.  

Maintained ï Rivers in which there is no natural stock of salmon, which are known to have contained salmon 

in the past, but in which a salmon stock is now only maintained through human intervention.  

Restored ï Rivers in which the natural stock of salmon is known to have been lost in the past but in which 

there is now a self-sustaining stock of salmon as a result of restoration efforts or natural recolonization.  

http://www.ices-ecoknows.eu/
http://www.nasco.int/RiversDatabase.aspx
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Threatened with loss ï Rivers in which there is a threat to the natural stock of salmon which would lead to 

loss of the stock unless the factor(s) causing the threat is (are) removed.  

Not threatened with loss ï Rivers in which the natural salmon stocks are not considered to be threatened with 

loss (as defined in the previous category).  

Unknown ï Rivers in which there is no information available as to whether or not it contains a salmon stock.  

Not present but potential for salmon ï Rivers in which it is believed there has never been a salmon stock but 

which it is believed could support salmon if, for example, natural barriers to migration were removed. 

 

Many jurisdictions also implement other categorization systems, either through obligations under EU (e.g. EU Habitats 

Directive) or national legislation (e.g. Species at Risk Act, Canada, and Endangered Species Act USA). Categorizations 

are often provided with scientific advice for management purposes, which are closely linked to national management 

objectives requiring stocks to attain particular biological reference points (limit reference points and/or management 

targets). NASCO currently requires parties to report the current status of stocks relative to the reference points and how 

threatened and endangered stocks are identified within their national Iiplementation plans. These categories may require 

specific assessments or data or may only be applicable to rivers being assessed for compliance and not all rivers in a 

jurisdiction. A key difference in the various categories in use is whether they are applied at the stock level or at the 

species level.  

 

Review of the stock status categories currently used by the jurisdictions of NASCO, including within their 
implementation plans 
 

A range of stock status categories are used by different jurisdictions. Table 10.1.8.1 provides examples of various 

different stock categories in use for countries where categories are based on clear criteria. Countries with no specific 

national classification are excluded, although details of the broad approaches used in all NAC and NEAC countries 

were reviewed by ICES. The following provides a brief overview: 

 

Canada 

 

The abundance of Atlantic salmon relative to conservation limits (CLs) is used in Canada to assess stock status. Of the 

1082 Canadian Atlantic salmon rivers tabulated in the NASCO database, annual assessments of returns and status 

relative to the CLs are available from between 65 and 75 major rivers. 

 

In addition, reference points are being developed in Canada to reflect the application of the precautionary approach 

(DFO, 2006). The framework for this is shown in Figure 10.1.8.1. 

 

Ireland 

 

River- and age-specific conservation limits (CLs) have been derived and categorization of status of stocks for the 

provision of catch advice is based on a stock assessment for all 141 salmon-producing rivers in Ireland separately. This 

provides estimates of returns (counters, catches raised by exploitation rates) and status of stocks relative to the 

attainment of CLs. Advice on catch options is presented in relation to a 75% probability that this CL will be met, based 

on the average returns of the previous five years (Table 10.1.8.1). 

 

Norway 

 

Spawning targets have been calculated for 439 of the approximately 465 Norwegian rivers containing salmon. 

Attainment of spawning targets is assessed for about 200 river stocks; these account for about 98% of the total river 

catch of salmon in Norway. For advice on harvest, the management target was defined as being reached when the 

average probability of reaching the spawning target in the four previous years was more than 75%.  

 

Assessment is now also based on the effects of human impacts which affect fish production and stock abundance and 

the capacity to produce a harvestable surplus. Norway established a salmon stock registry in 1993 and a new system 

was published in 2012. This classification system (Table 10.1.8.1) is based on a combination of both the number of fish 

in the populations and influences of different threats to the populations. The most influential factor in this new category 

system ï the Quality Norm ï is the modeled genetic integrity of the population (further details are provided in Section 

10.1.6.5).  

 

Sweden 

 

As river-specific CLs are lacking for Swedish rivers, the stock status for each river is assessed using the abundance of 

parr. Salmon habitat quality is classed in three categories according to depth, water velocity, dominant substrate, slope, 

and stream-wetted width. For each category an expected abundance is calculated from electrofishing data from the 
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1980s, when the number of returning spawners was high. Data from each site each year are then compared to the 

expected value and expressed as a percentage. All sites in a river are pooled and the average (and 95% confidence 

limits) is calculated. Out of 23 rivers, data are collected and stock status determined annually for 17 of these, to enable 

their categorization (Table 10.1.8.1). 

 

UK (England & Wales) 

 

There are 80 river systems in UK (England & Wales) that regularly support salmon, although some of the stocks are 

very small and support minimal catches or are dominated by sea trout. CLs have been set for 64 principal salmon rivers. 

Annual compliance with the CL is estimated using egg deposition figures. These are derived from returning stock 

estimates, where such data are available. However, for rivers without traps or counters, egg deposition is typically based 

on estimates of the run size derived from rod catch and estimates of exploitation (with an appropriate adjustment for 

underreporting). In reviewing management options and regulations, the management objective is for a riverôs stock to 

meet or exceed its CL in at least four years out of five (i.e. >80% of the time) on average. Compliance against this 

management objective is assessed annually and stocks categorized into four groups (Table 10.1.8.1).  

 

UK (N. Ireland) 

 

River-specific CLs have been used to assess compliance and stock status for 12 of 15 rivers in UK (N. Ireland). 

Biological reference points, for individual catchments, have been established in both Department of Culture, Arts and 

Leisure (DCAL) and Loughs Agency jurisdictions. The status of stocks in the DCAL area is assessed relative to  CLs 

while management targets (MTs) based on CLs are used to manage in real time within the Loughs Agency area. 

Specific categories have been derived to advise on the status of stocks (Table 10.1.8.1). 

 

USA 

 

The process for designating threatened and endangered stocks is specified in the US Endangered Species Act. In short, 

the National Marine Fisheries Service or US Fish and Wildlife Service conducts a review of the species status.  

 

ICES stock status categories ï used by all NASCO jurisdictions 
 

ICES categorizes Atlantic salmon stock groups as being at: full reproductive capacity, at risk of suffering reduced 

reproductive capacity, or suffering reduced reproductive capacity (Table 1.10.8.1). This categorization is used for 

assessment and the provision of catch advice on management of national components and geographical groupings.   

 

Review of other classification schemes used for categorizing species  
 

In addition to the categorization of stocks, species classification requirements commonly also apply. Details of these 

schemes are provided in Table 10.1.8.2. The following text provides a brief overview: 

 

Canada ï COSEWIC 

 

The Committee on the Status of Endangered Species in Canada (COSEWIC) identifies species at risk through processes 

put in place under the federal Species at Risk Act (SARA) and similar provincial laws 

(http://www.cosewic.gc.ca/eng/sct0/assessment_process_e.cfm#tbl2). A range of categories apply (Table 10.1.8.2). 

 

TexelïFaial ï Used for EU classification of species 

 

The TexelïFaial classification is used by OSPAR and applied to regional assemblages rather than individual stocks: 

http://www.ospar.org/documents/dbase/decrecs/agreements/03-13e_Texel_Faial%20criteria.doc. 

 

Annex V to the OSPAR Convention indicates that a package has been prepared to identify those species and habitats in 

need of protection, conservation, and where practical, restoration and/or surveillance or monitoring.  

 

OSPAR nominated the Atlantic salmon for inclusion under this scheme on the basis of an evaluation of their status 

according to the Criteria for the Identification of Species and Habitats in need of Protection and their Method of 

Application (the TexelïFaial Criteria) (OSPAR, 2003), with particular reference to its global/regional importance, 

decline and sensitivity, with information also provided on threat.  

 

A review of the status of Atlantic salmon was therefore carried out (OSPAR, 2010). Following this review, Atlantic 

salmon were classified by OSPAR as qualifying under the criteria: Global Importance, Local Importance, Sensitivity, 

Keystone species, and Decline. Atlantic salmon, however, did not qualify under the category of Rarity (Table 10.1.8.3). 

http://www.cosewic.gc.ca/eng/sct0/assessment_process_e.cfm#tbl2
http://www.ospar.org/documents/dbase/decrecs/agreements/03-13e_Texel_Faial%20criteria.doc
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European Union Habitats Directive ï used for EU classification of species 

 

The Habitats Directive (Council Directive 92/43/EEC on the conservation of natural habitats and of wild flora and 

fauna) is used by the EU for the classification of species or habitats. Further details are available at: 

http://europa.eu.int/comm/environment/nature/nature_conservation/eu_nature_legislation/habitats_directive/index_en.htm. 

 

If a species is included under this Directive, it requires measures to be taken by individual EU Member States to 

maintain or restore them to favourable conservation status in their natural range. While the objective of the EU is for 

nominated species to achieve ñfavourable statusò, the classification system pre-supposes that the species are in need of 

protection.  The categories are described as Annexes (Table 10.1.8.2).  

 

Convention on the Conservation of European Wildlife and Natural Habitats (The Bern Convention) 

 

Further details on the Bern Convention are available at: 

http://www.coe.int/t/e/cultural_co--operation/environment/nature_and_biological_diversity/Nature_protection/. 

 

Atlantic salmon are included under Appendix/Annex III (freshwater only) (Table 10.1.8.2). 

 

The World Conservation Union (IUCN) ï (Red Data Books/Lists and Categories) 

 

The IUCN Red Data Book is used to categorize species or geographic assemblages of species. A range of categories 

apply from óextinctô to ónot evaluatedô (Table 10.1.8.2). 

 

Comparison of NASCO River Database categories with other classification systems 
 

The primary differences in the classification systems illustrated above relate to whether they are applied at the stock 

level or at the species level. Both types appear to have some relevance to the categories currently in use in the NASCO 

Rivers Database, given that at very low stock status levels the species criteria listed above may provide a closer match 

with some of the NASCO categories. For comparison purposes, the NASCO categories are tabulated against both 

example stock categories (Table 10.1.8.4) and species categories (Table 10.1.8.5). It should be noted that many of the 

categorization schemes might best be viewed as continuous scales. As such, these ótablesô should not be interpreted as 

strict matrices implying direct alignment across rows; rather the ótablesô are intended to provide a basis for broad 

comparisons.  

 

The NASCO categories broadly reflect these classifications but comparisons are more difficult at a detailed scale.  The 

NASCO categories ñmaintainedò, ñnot present but potentialò, and ñrestoredò are descriptive and do not appear to have a 

close parallel with the other species or river stock classifications generally in use. They clearly relate to special 

categories for stocks which have been or might be subject to special intervention, possibly including stocking. The 

NASCO categories ñThreatened with lossò and ñNot threatened with lossò, while relating more directly to stock status, 

were also difficult to align directly with categories based on attainment of stock indicators because the terminology is 

imprecise and interpretation of these categories tends to encompass several categories in other systems.   

 

NASCO has recommended the development of CLs for all stocks. However, these have not yet been developed by some 

jurisdictions, where alternative stock abundance indicators may be used in management. The implementation of any 

standardized classification scheme may also be difficult given the differences in the way national management advice is 

presented in different jurisdictions and it is unlikely that a standardized system for providing catch advice at the national 

level will be developed in the near future. Nevertheless, ICES considered that it might be possible to develop a 

classification more closely reflecting the generally applied categories used for describing stock status and providing 

management advice (i.e. CLs). A preliminary and tentative example of this is shown in the final two columns of Table 

10.1.8.4. However, approaches would need to be developed to enable compliance with the classification criteria to be 

averaged over time periods and thus avoid the need for assessment and updating of the Rivers Database on an annual 

basis. In addition, some degree of expert judgement would also be required for stocks that do not currently have CLs. 

 

10.1.9 Reports from expert groups relevant to North Atlantic salmon  

 

WGRECORDS 
 

The Working Group on the Science Requirements to Support Conservation, Restoration and Management of 

Diadromous Species (WGRECORDS) was established to provide a scientific forum in ICES for the coordination of 

work on diadromous species. The role of the group includes organizing expert groups, theme sessions, and symposia, 

and helping to deliver the ICES Science Plan.  

http://europa.eu.int/comm/environment/nature/nature_conservation/eu_nature_legislation/habitats_directive/index_en.htm
http://www.coe.int/t/e/cultural_co--operation/environment/nature_and_biological_diversity/Nature_protection/
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WGRECORDS held an informal meeting in June 2013, during the NASCO Annual Meeting in Drogheda, Ireland. 

Discussions were held on the requirements for expert groups to address new and ongoing issues pertinent to diadromous 

species, including issues arising from the NASCO Annual Meeting. The annual meeting of WGRECORDS was held in 

September 2013, during the ICES Annual Science Conference in Reykjavik, Iceland. This meeting received reports 

from all the ICES expert groups working on diadromous species, and considered their progress and future requirements. 

Updates were also received from expert groups of particular relevance to North Atlantic salmon. The following are the 

ongoing, recently held, or proposed expert groups to be considered by ICES in 2014:  

 

Ongoing ï ñThe Working Group on Effectiveness of Recovery Actions for Atlantic Salmon (WGERAAS) ï 

next meeting May 2014 (see Section 10.1.7). 

Recent ï Workshop on Sea Trout (WKTRUTTA). Chaired by Stig Pedersen, Denmark, and Nigel Milner, UK, 

met November 2013. 

Proposed ï The Workshop on Lampreys and Shads (WKLS), co-chaired by Pedro Raposo de Almeida, 

Portugal, and Eric Rochard, France, will be established and will meet in Lisbon, Portugal, for 3 days in 

October 2014. 

Proposed ï Planning Group on the Monitoring of Eel Quality: ñDevelopment of standardized and harmonized 

protocols for the estimation of eel qualityò. 

Proposed ï Joint Workshop of the Working Group on Eel and the Working Group on Biological Effects of 

Contaminants ñAre contaminants in eels contributing to their decline?ò 

Proposed ï A Working Group on Data-Poor Diadromous Fish (WGDAM), chaired by Erwin Winter, 

Netherlands, and Karen Wilson, United States. 

 

Other issues arising from the WGRECORDS meeting which are of particular relevance to Atlantic salmon were: 

 

¶ Inclusion of new proposals for Atlantic salmon data collection under the EU DC-MAP (see Section 10.1.13).   

¶ Proposal for a theme session at the ICES ASC in 2014: ñAnalytical approaches to using telemetry data to 

assess marine survival of diadromous and other migratory fish speciesò.   

 

Report of NASCOôs ad hoc West Greenland Committee Scientific Working Group 
 

NASCO convened a group of scientific representatives, which were nominated by members of NASCOôs West 

Greenland Commission (WGC), to develop a working paper in support of the upcoming NASCO WGC intersessional 

meeting. This meeting was held in London 14ï15 April 2014 prior to the availability of formal ICES advice. The ad 

hoc West Greenland Committee Scientific Working Group was to compile available data on catches in the West 

Greenland salmon fishery from 1990 to 2013, including:  

 

¶ Reported and unreported catches; 

¶ The spatial and temporal breakdown of the catches; 

¶ The origin of the catches by continent and at finer scales where possible (e.g. country or region of origin);  

¶ Rates of exploitation on contributing stocks or stock complexes; and 

¶ Any additional scientific data related to the fishery. 

 

The ad hoc West Greenland Committee Scientific Working Group presented their working paper to ICES for 

consideration and review. ICES supported the working paper and considered it an accurate representation of historical 

and current data related to the Greenland fishery. 

 

10.1.10 Tag releases by country in 2013 

 

Data on releases of tagged, fin-clipped, and otherwise marked salmon in 2013 were provided by ICES and are compiled 

as a separate report (ICES, 2014a). A summary of tag releases is provided in Table 10.1.10.1. 

 

10.1.11 Recommendations on how a targeted study of pelagic bycatch in relevant areas might be carried 

out with an assessment of the need for such a study considering the current understanding of 

pelagic bycatch impacts on Atlantic salmon 

 

NASCO further elaborated the question in a note: ñIn response to question 2.4, if ICES concludes that there is a need 

for a study, provide an overview of the parameters and time frame that should be considered for such a study. 

Information reported under previous efforts and on migration corridors of post-smolts in the Northeast Atlantic 

developed under SALSEAïMerge should be taken into account.ò 
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ICES discussed the bycatch issue based on previous work undertaken by the Study Group on Bycatch of Salmon 

(SGBYSAL), reported by ICES (ICES, 2004a, 2005a), and in light of other information made available to WGNAS in 

2014.  

 

The background for the SGBYSAL study group was the observed large number of post-smolts taken together with 

catches of mackerel in Norwegian research surveys in the Norwegian Sea (JuneïAugust). These research surveys were 

targeted at salmon post-smolts, but overlapped in time and space with commercial pelagic fisheries. These observations 

gave rise to concerns that the large commercial fisheries in these areas, particularly for mackerel, might heavily 

intercept the post-smolt cohorts moving northwards during the summer months. However, Russian observers on-board 

commercial mackerel trawlers, and in separate research surveys, detected only negligible numbers of post-smolts in 

screened catches. This resulted in a very large discrepancy in the estimates of post-smolts taken as bycatch if the 

observed ratios of post-smolts to mackerel catches were scaled up to the total commercial mackerel catch in these areas 

(from 60 to over 1 million post-smolts taken as bycatch).  

 

SGBYSAL (ICES, 2005a) recommended that catch ratios should not be extrapolated from Norwegian scientific salmon 

surveys to the entire pelagic fishery due to the absence of comparable efficiency estimates and the considerable 

differences in design and operation of the research survey and commercial trawls. It was considered, at the time, that the 

most reliable data for the purposes of extrapolation were those derived from the Russian research surveys that had taken 

place on the same spatialïtemporal scale as the pelagic fishery and from the screening of commercial catches. It was 

further recommended that results from screening of pelagic survey catches should only be used when both the gear used 

and the fishery were similar to the commercial fishery. Thus, screening of the catches on-board commercial fishing 

vessels in relevant pelagic fisheries was considered to be the primary method of producing data for bycatch estimation. 

 

SGBYSAL also considered that catches from other research surveys should continue to be screened for salmon, as this 

would add to overall knowledge about the temporal and spatial distribution of salmon at sea. In addition, it was 

recommended that further investigations into salmon marine ecology were required, in particular in relation to the 

distribution of salmon in time and space, in order to allow a better assessment of the potential overlap between salmon 

and pelagic fisheries. Any further directed research should also include investigation of the migration routes of salmon 

post-smolts from the coastline of the Northeast Atlantic countries into the shelf areas and onward into the northern 

summer feeding areas for post-smolt and adult salmon. In particular, surveys in more southerly areas should be 

undertaken in weeks 20ï23 (mid-May to early June) while the northern areas should be covered in weeks 30ï34 (late 

July to late August). Finally, SGBYSAL recommended that a questionnaire survey directed at the processing plants 

dealing with mackerel, herring, and horse mackerel should be considered to establish whether salmon have been 

observed during processing. 

 

WGNAS (ICES, 2005b) endorsed the recommendations from SGBYSAL. Furthermore, they reiterated that direct on-

board observation of pelagic catches was the most reliable method of bycatch estimation. Despite the difficulty in 

obtaining precise estimates of bycatch, ICES noted that the latest available upper estimate of potential salmon post-

smolt bycatch in the mackerel fishery (154 482) represented approximately 5% of the estimated combined PFA for the 

NEAC stock complexes (10-year average PFA approximately 3.4 million) in the most recent assessment at the time.  

 

Although SGBYSAL did not meet after 2005, further information was available in 2005 and 2006 on bycatches in 

pelagic research surveys and from screening of commercial catches.  These data were consistent with earlier findings 

and WGNAS (ICES, 2006) continued to consider that the previous findings remained valid, i.e. that there were 

relatively low impacts of salmon bycatches in pelagic fisheries on PFA or returns to homewaters. However, these 

available new records remained insufficient to allow a detailed assessment of the effect of non-targeted fisheries on 

salmon abundance (the absence of disaggregated catch data, in both time and space, for pelagic fisheries also remained 

a key constraint). ICES (2006) recommended that future estimates should be refined, if possible, with annual estimates 

based on observer-based screening of catches. 

 

Since this time, there have been further developments and new information has become available. More knowledge has 

been gained about post-smolt and salmon distribution and migration, mainly through the studies conducted during the 

SALSEAïMerge project. Figure 10.1.11.1 provides capture rates for post-smolts derived from this project and earlier 

captures from research surveys, indicating the distribution of some post-smolts along the shelf edge to the north west of 

the British Isles and, following migration further north, their subsequent widespread capture in the Norwegian Sea, with 

higher concentrations towards the eastern areas. Further information on bycatch has also been provided to WGNAS 

from screening of catches and landings, primarily by Iceland, and from the recent International Ecosystem Summer 

Survey of the Nordic Seas (IESSNS). 

 

Bycatch of salmon in the Icelandic herring and mackerel fisheries was studied both by screening of landings and by 

screening of catches on-board fishing vessels, conducted by inspectors from the Icelandic Fisheries Directorate. The 

screening of landings only occurred when crew members indicated that some salmon bycatch had occurred, so these do 
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not represent an unbiased sample of the whole landings. The number of landings / catches screened and the numbers of 

salmon detected during the period from 2010 to 2013 are shown in Table 10.1.11.1 (landings) and Table 10.1.11.2 

(catches). The bycatch rates of salmon vary somewhat among years, but are mostly larger in screened landings (average 

5.4 salmon per 1000 t catch; range 4.7ï6.2 salmon per 1000 t) than in screened catches (average 2.1 salmon per 1000 t 

catch; range 0ï5.5 salmon per 1000 t), likely reflecting the bias noted previously. Similar levels of bycatch were 

reported for Faroese fisheries in 2011 (ICES, 2012a). In this instance, the screening of 33 315 t of mackerel taken in 

pelagic pairtrawls occurred at land-based freezing plants and resulted in a bycatch rate of 2.4 salmon per 1000 t catch. 

In this screening programme, salmon were only reported from catches taken in May and June. Icelandic mackerel 

catches have constituted about 150 000 t in recent years and, assuming the salmon bycatch rates recorded in the 

screening are representative of the fishery as a whole, this would give a total salmon bycatch in the range of 300ï800 

individuals for this fishery. This represents 0.01 to 0.03% of the total estimated PFA of NEAC salmon (average total 

PFA for both maturing and non-maturing fish for the last five years). The catch composition of the Icelandic samples 

(Table 10.1.11.3) shows that salmon of length 20ï50 cm made up 15% of the catch, salmon of length 50ï70 cm made 

up 69% of the catch, and salmon of length 70ï100 cm made up 16% of the salmon caught.  

 

Bycatches of salmon taken in the IESSNS surveys in the period 2010ï2013 were also presented to WGNAS (Figure 

10.1.11.2). All vessels taking part in this survey have been using a specially designed pelagic trawl, fishing in the upper 

30 m and in a standardized way, allowing the catches to be used quantitatively. The catches taken in these surveys are 

also carefully screened, so the certainty of the salmon bycatch count is very high, and all salmon are weighed, 

measured, and frozen for further analysis. These pelagic surveys, mainly targeting mackerel, cover large parts of the 

Norwegian Sea and Icelandic and Faroese waters (e.g. see Figure 10.1.11.3 for the survey area covered in 2012). 

However, despite this wide coverage, the bycatch of salmon mostly occurred in the eastern parts of the Norwegian Sea, 

as indicated by Figure 10.1.11.2. The salmon catch in the survey was low, but so were the total survey catches (Table 

10.1.11.4), since the IESSNS sampling trawl is smaller than commercial trawls and the haul duration is only 15 

minutes. However, when these rates are extrapolated to provide estimates of salmon per 1000 t of catch (comparable to 

the reported Icelandic values), the IESSNS bycatch rates are, on average, 20 to 50 times higher than those recorded 

from the commercial Icelandic fisheries (average of 103 salmon per 1000 t of catch; Table 10.1.11.4). 

 

The pelagic fisheries in the Norwegian Sea and in the areas around Iceland and along the Greenlandic east coast have 

changed in recent years. Catches of Norwegian spring-spawning herring have declined in the last few years (ICES, 

2013b). However, catch and survey data indicate that the mackerel stock has expanded north-westwards during 

spawning and in the summer feeding migration. This distributional change is likely a reflection of increased stock size 

coupled with changes in the physical environment and in the zooplankton concentration and distribution (ICES, 2013b). 

A northern expansion has been indicated by the recent summer surveys in the Nordic seas (IESSNS), while a westward 

expansion in the summer distribution of adult mackerel has also been observed in the Nordic Seas since 2007, as far 

west as southeast Greenlandic waters. Catches in ICES Subareas I, II, V, and XIV have increased markedly in recent 

years (Figure 10.1.11.4), with significant catches taken in Icelandic and Faroese waters, areas where almost no catches 

were reported prior to 2008 (ICES, 2013b). In 2012, mackerel catches in this area constituted approximately half of the 

total reported catches for the whole Northeast Atlantic. Catches from Greenland were reported for the first time in 2011, 

and increased in 2012. The distributions of mackerel catches for 2012 in quarters 2 and 3 are provided in Figure 

10.1.11.5 and indicate some potential overlap with the distribution of post-smolt salmon ï see Figures 10.1.11.1 and 

10.1.11.2.  

 

The latest information highlights ongoing uncertainty on the salmon bycatch question, although the issues remain very 

similar to those previously addressed by SGBYSAL and WGNAS. The latest bycatch estimates from the recent 

Icelandic and Faroese screening programmes suggest relatively low levels of bycatch in the mackerel catches and this is 

consistent with the previous views of ICES. Such assessment procedures, based on direct screening of the commercial 

catches, have previously been considered to provide the most reliable data for extrapolation purposes and this remains 

the case. ICES noted the markedly higher salmon bycatch rates recorded in the IESSNS surveys, but it is unclear how 

representative these might be of the bycatch in the commercial fishery given differences in the design and operation of 

the gears used. In any event, the capture rates remain low relative to the estimates of total NEAC PFA (< 2%). ICES 

further noted that while there was overlap between the areas known to be frequented by salmon and the areas where the 

pelagic fisheries were prosecuted, there were also apparent differences in the areas where the highest salmon and 

mackerel catches occurred, with the former tending to occur in more easterly parts of the Norwegian Sea. Nonetheless, 

the catches in these pelagic fisheries have increased and substantial uncertainties remain as to the extent to which the 

migration routes of post-smolt and adult salmon might overlap in time and space with these pelagic fisheries. 

 

Given that estimates of the bycatch of salmon in the total pelagic fisheries are highly uncertain, ICES considers it would 

be informative to increase efforts to obtain reliable estimates of the bycatch of salmon. ICES, therefore, recommends 

the following: 
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¶ Collate all available information on post-smolt and salmon marine distribution, particularly from the 

SALSEAïMerge project. 

¶ Collate information of possible interceptive pelagic fisheries operating in the identified migration routes 

and feeding areas of Atlantic salmon. This would require close cooperation with scientists working on 

pelagic fish assessments in the relevant areas and provision of disaggregated catch data in time and space 

which overlap areas known to have high densities of post-smolts or adults. 

¶ Review pelagic fisheries, identifying important factors such as gear type and deployment, effort, and time 

of fishing in relation to known distribution of post-smolt and salmon in space and time, and investigate 

ways to intercalibrate survey trawls with commercial trawls. 

¶ Carry out comprehensive catch screening on commercial vessels fishing in areas with known high 

densities of salmon post-smolts or adults. This would require significant resources and would need to be a 

well coordinated and well-funded programme.  

¶ Integrate information and model consequences for productivity for salmon from different regions of 

Europe and America. 

 

This might be approached as a phased investigation with the first elements possibly carried out by a combined 

Salmon/Pelagic Workshop or Study Group. The major element (catch screening) would likely require some preparation 

and agreement between NASCO parties and could be conducted as a joint collaborative exercise with cooperation from 

the pelagic fishing industry. 

 

10.1.12 Implications for the provision of catch advice of any new management objectives proposed for 

contributing stock complexes 

 

The reference points for provision of catch advice for West Greenland are the CLs of 2SW salmon from six regions in 

North America and the MSW CL from the southern European stock complex. NASCO has adopted these region-

specific CLs as limit reference points with the understanding that having populations fall below these limits should be 

avoided with high probability. CLs for the West Greenland fishery for North America are limited to 2SW salmon and 

southern European stocks are limited to MSW fish because fish at West Greenland are primarily (>90%) 1SW non-

maturing salmon destined to mature as either 2SW or 3SW salmon.  

 

Alternative management objectives to the CLs were first proposed for the ScotiaïFundy and USA stock complexes in 

2002, roughly at the same time that the risk analysis framework for providing catch advice at Greenland was developed 

and in response to strongly divergent trends in status of stocks between northern and southern regions of North America 

(ICES, 2002). Managers were concerned that the potential fishery at Greenland could be constrained by the status of the 

weakest stocks with no hope of meeting their CLs even if production from the northern areas became very high and in 

excess of CLs. Considering the differences in stock status among the regions, ICES (2002) proposed that fishery 

managers attempt to meet the CLs simultaneously in the four productive northern regions of North America (Labrador, 

Newfoundland, Québec, and Gulf) while defining and managing to meet stock rebuilding objectives for the two 

southern regions (ScotiaïFundy and USA). A rebuilding objective was agreed for each region consisting of a 25% 

increase in 2SW returns relative to the average returns for the period 1992 to 1996.  

 

In the years since these management objectives were agreed, the estimated returns of 2SW salmon to ScotiaïFundy 

have remained relatively stable and low, in the range of 10 000 to less than 5000 fish during 1997 to 2012 (Figure 

10.1.12.1). The returns have represented less than 20% of the 2SW CL and less than 50% of the management objective. 

This contrasts with the returns of 2SW salmon to the USA which were often at or above 50% of the management 

objective and in 2011 exceeded the objective (Figure 10.1.12.1). The USA 2SW returns have never exceeded more than 

21% of the 2SW CL, but have been much closer to the management objective than ScotiaïFundy (Figure 10.1.12.1). 

ICES has provided catch advice considering these rebuilding objectives since 2002.  However, ICES (2012c) also noted 

that to be consistent with achieving maximum sustainable yield and the precautionary approach, the overarching goal 

should be for fisheries to only take place on salmon stocks that have been shown to be at full reproductive capacity, and 

that CLs are limit reference points and having populations fall below these limits should be avoided with high 

probability. 

 

Proposed revised management objective for USA 
 

At the Thirtieth Annual Meeting of NASCO, the USA proposed a new management objective for the USA stock 

complex for the provision of catch advice at Greenland (NASCO, 2013). The previous management objective (ICES, 

2004b) was viewed as a rebuilding objective and was established in light of the extremely depleted state of the 

endangered USA populations. It was indicated that this management objective is inconsistent with NASCOôs 

Agreements, Action Plans, and Guidelines (NASCO, 1998, 1999, 2009) as well as interim recovery criteria for USA 

stocks protected by the Endangered Species Act (ESA). However, NASCO has also acknowledged that when a stock 

has fallen well below its CL, or has been below the CL for an extended period, it may be appropriate to consider an 
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intermediate órecoveryô reference point (NASCO, 2004). Given these discrepancies, the USA recommended aligning 

the management objectives for the USA stock complex with the recovery criteria for the remnant stocks currently under 

protection of the ESA (NASCO, 2013). 

 

One requirement of the ESA is defining objective, measurable criteria for determining when Atlantic salmon may be 

considered for de-listing from the Act. The draft recovery criteria for the Gulf of Maine Distinct Population Segment 

(GOM DPS), the only region where remnant Atlantic salmon populations remain, are a census population abundance of 

6000 adult returns of all sea ages, and assuming a 1:1 sex ratio equally distributed among three distinct areas within the 

GOM DPS. There are additional criteria that must be met before proposing de-listing the GOM DPS, such as 

demonstrating consistent positive population growth and achieving the census population criteria based on wild 

spawners only. Further details can be found in Appendix A of the Critical Habitat Designation 

(http://www.nero.noaa.gov/prot_res/altsalmon). 

 

The fishery at West Greenland primarily exploits ( >90%) 1SW non-maturing salmon destined to mature as either 2SW 

or 3SW salmon. As such, the provision of catch advice for West Greenland is based on the forecasts of 2SW returns 

compared to the stated management objectives. To convert the draft recovery criteria to 2SW equivalents, the average 

percentage of 2SW fish in returns to the USA for the base period 2003ï2012 was applied (75.8%), resulting in a value 

of 4549 2SW returns. This value was proposed as a replacement to the previous USA management objective of 

achieving a 25% increase in returns of 2SW salmon from the average returns in the 1992ï1996 base period (2548). The 

objective would now be stated as: ñachieve 2SW adult returns of 4549 or greater for the USA regionò. 

 

Review of management objective for ScotiaïFundy 
 

A review of the management objective for ScotiaïFundy was also considered by ICES. The Committee on the Status of 

Endangered Wildlife in Canada (COSEWIC) have assessed the salmon stocks of the three ScotiaïFundy Designatable 

Units (DU) as endangered (at risk of extinction) due to population declines associated with low marine survival and 

threats in freshwater. Recovery potential assessments (RPAs) of each DU were conducted in 2012 and 2013. The RPA 

science advisory reports proposed recovery objectives for distribution and abundance which could be considered as an 

alternative to the presently defined rebuilding management objective for the ScotiaïFundy area. Only the RPA for the 

Outer Bay of Fundy DU specifically quantified the short-term 2SW abundance target through the identification of 

priority rivers. No short-term abundance target or priority rivers were identified for the Eastern Cape Breton (DFO, 

2013b) and Nova Scotia Southern Upland (DFO, 2013a) regions during the RPAs to allow for similar 2SW target 

calculations for these regions within ScotiaïFundy. 

 

It is therefore not possible at this time to propose a revised management objective for the ScotiaïFundy region that 

takes into account advice on recovery targets identified in the recent RPAs for the three DUs of Atlantic salmon in this 

region. Specific short-term and long-term recovery objectives for distribution and abundance within each DU would be 

developed during the completion of recovery plans, but these are currently pending. Once such recovery plans are 

developed it is anticipated that these would provide specific abundance and distribution targets. However, until any 

such objectives can be assessed for their appropriateness for the provision of management advice for West Greenland, 

the current management objective of a 25% increase in returns from the average of 1992ï1996 can be retained for the 

following reasons: 

 

1. The current management objective for ScotiaïFundy is aimed at rebuilding the stocks which are well below the 

2SW conservation limit for the ScotiaïFundy region (i.e., 44% of the 2SW CL);  

2. Recovery objectives in terms of number of fish have not been proposed in scientific recovery potential 

assessments for two of the three DUs in the ScotiaïFundy region; and  

3. If the current management objective is lower than recovery objectives that will be identified from river-specific 

recovery objectives that have yet to be developed in recovery plans, then there is a low risk of impacting 

management advice to West Greenland in the short term given the current stock status in relation to existing 

management objective. 

 

Impact of the revised management objective for USA on catch advice 
 

The existing management objectives used for the provision of catch advice for the West Greenland fishery (ICES, 

2012c) are as follows: 

 

¶ 75% probability of simultaneous attainment of seven management objectives: 
o Meet the 2SW CLs for the four northern areas of NAC (Labrador, Newfoundland, Québec, Gulf); 
o Achieve a 25% increase in returns of 2SW salmon from the average returns in 1992ï1996 for the 

ScotiaïFundy and USA regions; 
o Meet the MSW southern NEAC CL. 

http://www.nero.noaa.gov/prot_res/altsalmon
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To evaluate the implications of the proposed new management objective, the most recent catch options provided for the 

West Greenland fishery (ICES, 2012c) were compared to a re-analysis of the catch options, using the same input data, 

but with the inclusion of the proposed new USA stock complex management objective.  

 

The scientific advice has been for zero harvest of the mixed-stock complex at West Greenland since 2002. The 

probabilities of meeting each individual management objective and simultaneously meeting all seven objectives for the 

period of 2012ï2014 under the existing and the proposed new USA management objectives are provided in Table 

10.1.12.1. The time-series of 2SW returns against the USA CL, the existing, and the proposed new management 

objectives is provided in Figure 10.1.12.2. 

 

Due to the record high returns in USA rivers in 2011 (the highest in the time-series since 1990 and the sixth highest 

since 1971), the probability of meeting the existing management objective for the USA stock complex based on a 

forecast of USA returns in the years 2012ï2014 ranged from 75% to 89%. However, realized returns of 2SW fish were 

well below the forecast values for 2012 and 2013 and were < 30% of the 2011 returns (Figure 10.1.12.2). 

 

Prior to 2012, the probability of USA returns exceeding the management objective was assessed jointly with the Scotiaï

Fundy stock complex and therefore cannot be reported independently. However, for the five years during which catch 

options were provided prior to this time, the probability of USA and ScotiaïFundy returns jointly exceeding their 

management objectives remained below 5% in each year (ICES, 2004b, 2005b, 2006, 2007, 2009a). 

 

For the years 2012 to 2014, there is a 0.16ï0.23 reduction in the probability of the USA stock complex meeting the 

proposed new management objective (range 0.50 to 0.70) compared to meeting the existing management objective 

(range 0.75 to 0.89) (Table 10.1.12.1).  However, the provision of catch advice for the West Greenland fishery depends 

on the simultaneous achievement of all seven management objectives with a probability of at least 0.75. It is therefore 

most appropriate to evaluate changes in the simultaneous probability between the two scenarios. The probability 

difference for simultaneously achieving all seven management objectives for both options of USA management 

objectives is only 0.01 (i.e. 1%). As such, the proposed modification of the USA management objective would have had 

a negligible impact on the catch advice for the 2012ï2014 fishing years. The USA stock complex is a single component 

of the West Greenland fishery and the management of the fishery is dependent on the performance of all contributing 

stock complexes.  

 

Further considerations 
 

ICES noted that the protocols for updating the management objectives if and when stocks recover have not been 

developed. The management objectives for the southern regions are interim objectives intended to guide management in 

assessing progress in increasing abundance of Atlantic salmon, while not unduly restricting Greenland and domestic 

governments from exploiting stocks that are at high abundance and achieving their conservation objectives. Ultimately, 

the catch options for the fishery at West Greenland should be assessed against the 2SW conservation limits for each of 

the contributing regions. 

 

10.1.13 Relevant data deficiencies, monitoring needs, and research requirements 

 

NASCO subgroup on telemetry 
 

ICES received an update on the work of the NASCO Sub Group on Telemetry that had been established by the 

Scientific Advisory Group (SAG) to the International Atlantic Salmon Research Board (IASRB). Following discussions 

within the IASRB about the future direction of research that might be supported by the Board, the Sub Group had been 

asked to develop an outline proposal for a large-scale international collaborative telemetry project to ultimately provide 

information on migration paths and quantitative estimates of mortality during phases of the marine life-cycle of salmon. 

Tracking projects undertaken in the US (Gulf of Maine) and Canada (Gulf of St Lawrence) based on acoustic tagging 

have demonstrated the potential for such methods to be used to identify the migration routes of emigrating post-smolts 

and to quantify the mortality occurring during different phases of this migration (see Section 10.1.6.3). Similarly, trials 

with pop-off satellite transmitters on salmon caught at West Greenland and kelts returning to sea after spawning have 

demonstrated the potential for elucidating the migration routes and behaviour of salmon at later life stages, including 

the return migration from the ocean feeding areas towards their home rivers. Satellite tags and archival tags have also 

been used to obtain additional information on conditions experienced by salmon at sea. The proposed programme will 

build on these studies to extend the areas for which detailed information on marine mortality is available. 

 

ICES recognised that this would be a very challenging programme, but considered that it could provide important 

information that would greatly assist in the management and conservation of Atlantic salmon stocks throughout the 

North Atlantic. 
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EU Data Collection ï Multi -Annual Plan  
 

ICES received an update on the ongoing process for the revision of the EU Data Collection Framework (DCF) as it 

affects the collection of data used in the assessment of Atlantic salmon stocks and the provision of management advice. 

Changes to the DCF in 2007 introduced requirements for EU Member States to collect data on eel and salmon, but the 

specific data requested for these species did not meet the needs of national and international assessments. In 2012, the 

Workshop on Eel and Salmon Data Collection Framework (ICES, 2012b) provided detailed recommendations on the 

data requirements for European eel, and Baltic and Atlantic salmon, including data required by ICES to address 

questions posed by NASCO. In February 2014, these recommendations were presented to an Expert Working Group of 

the EU Scientific, Technical and Economic Committee for Fisheries (STECF). A number of suggestions were made for 

changes to Council Regulation 199/2008 (concerning the establishment of a Community framework for the collection, 

management, and use of data in the fisheries sector and support for scientific advice regarding the Common Fisheries 

Policy) and Commission Decision 2010/93/EU (adopting a multiannual Community programme for the collection, 

management, and use of data in the fisheries sector for the period 2011ï2013), which will be considered by STECF in 

March 2014. The revised DFC will provide the basis for data collection under the proposed Multi-Annual Plans (DC-

MAP) which will apply for the period 2015 to 2021. 

 

Stock annex development 
 

ICES considered proposals from the Review Group regarding the establishment of an Atlantic Salmon Stock Annex. 

Such stock annexes have been developed for other ICES assessment working group reports and are intended to provide 

a complete description of the methodology used in conducting stock assessments and the provision of catch advice. 

ICES developed a Stock Annex incorporating country-specific inputs for the 2014 WGNAS meeting. These documents 

are intended to be informative for members of WGNAS and reviewers, as well as in facilitating wider communication. 

 

Recommendations 
 

The Working Group on North Atlantic Salmon recommends that it should meet in 2015 to address questions posed by 

ICES, including those posed by NASCO. WGNAS may be invited to hold its next meeting in Canada, but would 

otherwise intend to convene at ICES Headquarters in Copenhagen, Denmark. The meeting will be held from 17 to 26 

March 2015. 

 

Specific list of recommendations: 

 

1) The Working Group recommends the following actions to improve our understanding of salmon bycatch: 

 

1.1 ) Collate all available information on post-smolt and salmon marine distribution, particularly from the 

SALSEAïMerge project. 

1.2 ) Collate information of possible interceptive pelagic fisheries operating in the identified migration 

routes and feeding areas of Atlantic salmon.  This would require close cooperation with scientists 

working on pelagic fish assessments in the relevant areas and provision of disaggregated catch data 

in time and space which overlap areas known to have high densities of post-smolts or adults. 

1.3 ) Review pelagic fisheries, identifying important factors such as gear type and deployment, effort and 

time of fishing in relation to known distribution of post-smolt and salmon in space and time, and 

investigate ways to intercalibrate survey trawls with commercial trawls. 

1.4 ) Carry out comprehensive catch screening on commercial vessels fishing in areas with known high 

densities of salmon post-smolts or adults. This would require significant resources and would need to 

be a well coordinated and well-funded programme. 

1.5 ) Integrate information and model consequences for productivity for salmon from different regions of 

Europe and America. 

 

The Working Group recommends that this might be approached as a phased investigation with the first 

elements of such a programme possibly carried out by a combined salmon/pelagic species workshop or 

study group. The major element (catch screening) would likely require some preparation and agreement 

between NASCO parties and could be conducted as a joint collaborative exercise with cooperation from the 

pelagic fishing industry.  

 

2 ) The Working Group recommends that sampling and supporting descriptions of the Labrador and Saint-

Pierre et Miquelon fisheries be continued and expanded (i.e. sample size, geographic coverage, tissue 

samples, seasonal distribution of the samples) in future years and analysed using the North American 
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genetic baseline to improve the information on biological characteristics and stock origin of salmon 

harvested in these mixed-stock fisheries. 

 

3 ) The Working Group recommends that the Greenland catch reporting system continues and that logbooks be 

provided to all fishers. Efforts should continue to encourage compliance with the logbook voluntary system. 

Detailed statistics related to catch and effort should be made available to the Working Group for analysis. 

 

4 ) The Working Group recommends that the Government of Greenland facilitate the coordination of sampling 

within factories receiving Atlantic salmon, if landings to factories are allowed in 2014. Sampling could be 

conducted by samplers participating in the international sampling programme or by factory staff working in 

close coordination with the sampling programme coordinator. The Working Group also recommends that 

arrangements be made to enable sampling in Nuuk as a significant amount of salmon is reported as being 

landed in this community on an annual basis. 

 

5 ) The Working Group recommends that the longer time-series of sampling data from West Greenland should 

be analysed to assess the extent of the variations in fish condition over the time period corresponding to the 

large variations in productivity as identified by the NAC and NEAC assessment and forecast models. 

Progress has been made compiling the West Greenland sampling database and should be available for 

analysis prior to the 2015 Working Group meeting.  

 

6 ) The Working Group recommends a continuation and expansion of the broad geographic sampling 

programme at West Greenland (multiple NAFO divisions) to more accurately estimate continent of origin in 

the mixed-stock fishery. 
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Figure 10.1.5.1 Reported total nominal catch of salmon (tonnes round fresh weight) in four North Atlantic regions, 1960 to 

2013. 
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Figure 10.1.5.2 Nominal catch (t) by country taken in coastal, estuarine, and riverine fisheries, 2003ï2013 (except Denmark: 

2008ï2013). Note that the scales of the vertical axes vary. 
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Figure 10.1.5.3 Percentages of nominal catch (top panel) and nominal catch in tonnes (bottom panel) taken in coastal, 

estuarine, and riverine fisheries for the NAC area, and for the northern and southern NEAC areas, 2003ï2013. 

Note that scales of vertical axes vary in the bottom panels.  
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Figure 10.1.5.4 Worldwide production of farmed Atlantic salmon, 1980 to 2013. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 10.1.5.5 Production of ranched Atlantic salmon (tonnes round fresh weight) in the North Atlantic, 1980 to 2013. 
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Figure 10.1.6.3 Number of smolts tagged and released from the Miramichi, Restigouche, and Cascapedia rivers, and 

subsequently detected at the head of tide, exit of bays, and Strait of Belle Isle arrays in 2007 to 2013.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 10.1.6.5 The Norwegian quality norm classification system. Note: the poorest classification in any of the dimensions 

determines the final classification of the stock. 
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Figure 10.1.6.8 Map of baseline samples and 11 reporting groups used in the mixture and assignment analysis of Bradbury et 

al. (in press) for Labrador Aboriginal and subsistence mixed-stock fisheries. 
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Figure 10.1.6.9.1 The integrated life-cycle model developed for each stock unit of the Southern NEAC stock complex. The 

eight stock units are: UK (Scotland) ï east and west (2 units), UK (England & Wales; 1 unit), UK (N. Ireland) 

ï east and west (2 units), Ireland (1 unit), France (1 unit), and south and west Iceland (1 unit). Variables in 

light blue are the main stages considered in the age- and stage-structured model. Arrows in blue and green are 

the fish that mature after the first and second winter at sea. Variables in light green indicate the main sources 

of data assimilated in the model. The post-smolt marine survival and the probability of maturing are the key 

parameters estimated in the model. The hierarchical structure provides a tool for separating out signals in 

demographic traits at different spatial scales: (1) a common trend shared by all stock units and, (2) 

fluctuations specific to each stock unit.  
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Figure 10.1.6.9.2 Time-series of estimates of post-smolt marine survival and probability to mature after the first winter at sea. 

The solid black line indicates the trend shared by all stock complexes together with the associated Bayesian 

uncertainty (95% Bayesian credible interval). Other solid lines are the medians of Bayesian posterior 

distributions. Even if the data are available at the scale of eight regions (see Figure 10.1.6.9.1), only five stock 

complexes have been considered regarding the spatial variability of the post-smolt marine survival and the 

probability of maturing after the first winter at sea: France, UK (England & Wales), Ireland + UK (N. 

Ireland), UK (Scotland), and Iceland-SW. 
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Figure 10.1.8.1 Canadian fisheries management framework consistent with the precautionary approach (Source: DFO, 2006). 
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Figure 10.1.11.1 Distribution of Atlantic salmon post-smolts (number per hour of trawling). Data from the SALSEAïMerge 

project and earlier research cruises. Data are aggregated over a number of years from 1994 on, with the 

majority of fish being caught in the period May to August. 
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Figure 10.1.11.2 Salmon bycatch in the IESSNS surveys 2010ï2013. The size of the bubbles show the number of salmon 

caught and the colour of the bubbles are coded by year, see legend on map. 
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Figure 10.1.11.3 Cruise tracks and pelagic trawl stations shown for RV ñG. O. Sarsò in green, MV ñBrennholmò (Norway) in 

blue, MV ñChristian ² Gr·tinumò (Faroe Islands) in black, and RV ñArni Fridrikssonò (Iceland) in red within 

the covered areas of the Norwegian Sea and surrounding waters from 2 July to 10 August 2012. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 10.1.11.4 Reported mackerel catches (t) in ICES Subareas I, II, V, and XIV, 1969ï2012 (from ICES, 2013b). 


